This paper investigates dynamic trading strategies, based on structural components of returns, including risk premia, convenience yields, and net hedging pressures for commodity futures. Significant momentum profits are identified in both outright futures and spread trading strategies when the spot premium and the term premium are used to form winner and loser portfolios. The existence of profits from active trading strategies based on momentum is consistent with behavioral finance and behavioral psychology models in which market participants irrationally underreact to information and trends. Profits from active strategies based on winner and loser portfolios are partly conditioned on term structure and net hedging pressure effects. High returns from a popular momentum trading strategy based on a ranking period of 12 months and a holding period of one month dissipate after accounting for hedging pressure effects, consistent with the rational markets model.
Introduction
In recent years, commodity market booms and busts have inspired significant interest in this asset class amongst academics and practitioners. As an individual asset class, commodities show several features that distinguish themselves from financial assets, including:
(1) Commodities are real assets that can be used for consumption. They can be packaged as derivative securities for generating returns for investors and for transferring real consumption risk. Therefore, their performance is subject to more factors than financial assets, including but not limited to business cycles, local and global supplyand-demand, technology development, substitute and complementary products.
(2) Based on economic theory, commodity returns in the absence of shocks should meanrevert to the equilibrium marginal rate of production.
(3) Unlike financial assets that are cash-settled at expiration, commodity futures need to be settled by physical delivery; this entails unique storage and shipping costs. For those who want to avoid physical exposure at expiry, contract roll-over is essential.
According to Feldman and Till (2006) , this roll yield drives the overall yield over the long-term horizon.
(4) Each commodity should be treated as an individual asset class instead of one asset class for all. Erb and Harvey (2006) associate commodity index performance with the performance of its components.
(5) The equilibrium CAPM model does not work well for the commodity markets because some of its critical assumptions are violated: such as an insufficiently diversifiable base of participants in the commodity markets pointed out by Hirshleifer (1988) and the exclusion from capital assets by Erb and Harvey (2006) . Given this background, much of the extant theoretical and empirical research has looked at commodities apart from financial assets. One strand of literature relates commodity returns to inventory level storage costs as reflected in convenience yields and the cost of carry (e.g. Kaldor (1939) , Working (1948) , Brennan (1958) , Fama and French (1988) , Dincerler, Khoker and Simin (2005) ). These yields determine the state-time opportunity set for consumption. A second strand focuses on hedging pressures, which constrain the risk transference function (e.g. Working (1953) , Cootner (1960 ), Chang (1985 , Carter, Rausser and Schmitz (1983) , Bessembinder (1992) , and De Roon Nijman (2000, 2004) ).
A third strand looks at market efficiency from a returns predictability perspective (Fama (1991) ). Evidence of abnormal returns from momentum or contrarian strategies in strategies based on past performance or historical data would be inconsistent with the efficient markets paradigm. For example, Erb and Harvey (2006) present a momentum strategy using past returns commodities that generates significant profits. Miffre and Rallis (2007) identify several additional momentum strategies based on past returns that on average generate returns averaging 9.38% per annum. These returns are not shown to be not dependent on various market risk factors. This is consistent with underreaction by investors, a violation of the efficient markets hypothesis. However, based on the theories of storage and hedging/risk transference, one expects the returns and risk premia for commodity futures to be based on a richer set of structural variables than past performance. This paper proposes to explore this issue, extending Erb and Harvey (2006) and Miffre and Rallis (2007) by identifying variables based on the theory, such as the convenience yield and net hedging pressure that might be considered as mitigating factors affecting the returns of active trading strategies in tests of market efficiency. We also examine additional strategies, including several spread trades, and extend the time period for the analysis as further robustness tests of the issue raised by Miffre and Rallis (2007, p. 1870) : "Given the interest of institutional investors in investment in commodities, one may question whether the momentum profits identified….will be sustained in the future."
Our focus is on the four commodity futures contracts; NYMEX crude oil, COMEX gold, COMEX copper and CBOT soybean contracts.
These contracts are chosen for the following reasons: (i) their liquidity; (ii) their diverse historical term structure and hedging experiences; and (iii) their different sensitivities to the business cycle.
We find that both the term structure and hedging pressure variables based on theory are significant determinants of commodity returns, based on VAR Granger Causality Models. Furthermore, these variables are found to contain information that can be used to construct profitable trading strategies.
The remainder of the paper is organized as follows. Section 2 describes the data. In section 3, Structural VAR models, the commodity returns are presented. Section 4 provides the results for the active trading strategies. The paper concludes with a summary in section 5.
Data
Daily closing prices of NYMEX crude oil, COMEX gold, COMEX copper and CBOT soybean from January 1, 1990 to December 31, 2006 are obtained from
Bloomberg. Continuous time-series of futures prices are constructed in the order of the first-nearby futures, second-nearby futures, etc. up to one-year maturity or the last contract month before the end of a calendar year, such as November for the soybean contract. The one-year maturity is chosen because it covers a sufficiently long forward period and also has substantial liquidity to deal with. Table 1 provides some summary statistics of the four commodity futures contracts.
Please insert Table 1 about here The first-nearby futures contract is constructed from the series of prices of the next expiring contract until one week prior to the last trading day of it, at which point the contract is rolled over to the next expiring contract. We adopt the common practice of treating the first-nearby futures price as the spot price, since a united spot market for each commodity does not exist. By extension, the first-nearby futures is literally the secondnearby futures and by analogy, all the next nearby futures contracts are mapped to their subsequent one interval lagged contracts.
For calendar spreads, only the first-nearby futures and futures maturing in six months and in one year are considered because these contracts usually have the longest trading life, normally available for trading 18 months before maturity. These are the most widely used contracts for spreads by practitioners. Figure 1 shows the term structures and average term structures (based on the average futures prices across maturities) of the four commodities.
Please insert Figure 1 about here Oil and copper markets are in backwardation on average over the period of the sample. In contrast, the gold market is characterized by contango; the soybean market is also generally in contango with its sharpest slope appearing in the pre-harvest third quarter-from July to September. Table 2 provides descriptive statistics of the daily returns based on the spot price and the first-nearby futures price. All returns are calculated against the one-day price lag of the same time series and not across contracts with different maturities. Returns of the CRB index (the oldest tradable as well as the most comprehensive commodity index), the Russell 3000 index (a proxy for the U.S. listed equity market portfolio) and the 10-year U.S. Treasury bond (the industry norm of measuring long-term interest rate) are also shown as benchmarks of commodity indices vs. financial asset returns.
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Please insert Table 2 about here All commodity returns show significant departures from the normal distribution, based on the Jarque-Bera estimates. Oil and copper futures exhibit the highest returns, Among commodities, oil futures exhibit the highest volatility while gold futures exhibit the least volatility which is only marginally higher than that of the CRB commodity index.
Decomposition of futures returns:
Following Roon, Nijman and Veld's (1998), we decompose futures returns into spot premia and term premia by simulating the returns of the strategy of (1) buying a k-day contract and (2) buying a k-day contract, selling a n-day contract and holding the spread 1 The annualized standard deviations of commodity returns are possibly elevated since commodity returns are normally autocorrelated and asymmetrically distributed.
for k days (k<n) where k and n represent number of days until maturity of the first-nearby futures and of distant futures respectively.
From the cost-of-carry model, in a structurally contangoed market, a certain yield ( ) n t y based on futures prices, f and spot prices, s 2 can be locked in by longing an asset in the spot market and simultaneously shorting it in the futures market to be delivered at time t+n.
Similarly, the forward yield
can be earned from time t+k to t+n by taking a long position in the contract to mature at t+k, shorting its equivalent to mature at t+n (k<n), and holding the spread for k days.
Re-arranging (2) we obtain:
is the estimate of the term premium and can be rewritten in terms of log spot price and log futures price as:
It is reasonable to assume that for a naked long position in the first nearby futures contract that matures in k days, the term premium 
Rearrange (5) to get the expression of spot premium: 
Estimation of the Convenience Yield and Net Hedging Pressure Variables
We estimate the convenience yield proxy using the Fama and French (1988) short hedging market whereas a negative ratio a net long hedging market.
The convenience yield is calculated as the negative of the interest-adjusted basis.
We provide estimates of the convenience yield i under conditions of adequate ("positive" column) and inadequate ("negative" column) inventory levels.
Summary statistics for the convenience yield are provided in Table 4 Please insert Table 4 about here
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− − = − where F and S are prices of futures and spot markets, R is interest foregone, W is storage cost and C is convenience yield. Interest-adjusted basis in the left-hand-side can be expressed as difference between relative storage cost and relative convenience yield. For a constant storage cost, the variation of relative convenience yield naturally dominates that of the interest-adjusted basis, so that convenience yield can be approximately expressed as the negative of the interest-adjusted basis. 4 Since gold futures only mature in even months and soybean futures only in odd months, different contracts other than the three maturities have to be chosen for both. The 4-month futures is used to calculate the short-term convenience yield for gold, and the 7-month and 11-month contracts are used to calculate the intermediate-term and long-term convenience yields for soybean.
Oil and copper exhibit relatively high average convenience yields, on average. Oil exhibits the highest unconditional convenience yield across commodities. Gold has the lowest and least volatile convenience yield. Convenience yields across all four futures are negative when inventory is abundant ("positive" column) and substantially positive when it is scarce ("negative" column); convenience yields are more volatile at low inventory levels than at high inventory levels; with the exception of copper, volatility increases at a decreasing rate with maturity, consistent with the Samuelson (1965) hypothesis for all commodities except copper Sample characteristics of the net hedging pressure variables are provided in Table   5 .
Please insert Table 5 Table 6 provides estimates of VAR Granger-causality models for risk premia, convenience yields (with different maturities), and net hedging pressure for spot premia across markets.
Structural Granger-Causality VAR Estimation of Commodity

Returns
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Please insert Table 6 about here
The most striking result of the estimation is that spot premia serve as leading (predictor) variables for all of the variables, both convenience yields and net hedging pressure across all commodities. As such, momentum trading strategies based on recent performance may be well grounded. Convenience yields show market-dependent results.
In particular, they lead spot premiums in the oil and soybean markets. On the other hand, net hedging pressure does not lead the spot premium in any market. Bi-directional causality is detected between term slopes of different horizons in all markets, showing that some intertwining of information is contained in each part of the term structure.
Causality between the term structure and net hedging pressure is observed only for the metal markets studied. For gold, net hedging pressure uni-directionally leads the term structure while for copper, the overall term structure leads net hedging pressure and net hedging pressure leads the short-term slope only.
We also estimate VAR Granger-causality models for term premia (spread trade returns), convenience yields and net hedging pressure, for the various commodities.
Model estimates for Copper and Gold are shown in Table 7 and 8, respectively.
11
Please insert Tables 7 and 8 about here 10 We use the FPE (final prediction error) criterion, the Akaike information criterion, the Schwarz criterion (SC); and the Hannan & Quinn (HQ) criterion and in all cases find an the optimal lag lengths of one.
Aside from the autoregressive components, significant causality effects of term premia and convenience yields for spread returns on term structure and net hedging pressure are observed in the gold spread using the 6-month contract and in all the three copper spreads. Negative (positive) coefficients of gold (copper) spreads can be naturally associated with its contangoed (backwardated) convenience yield shape. Causality between the term structure and net hedging pressure is observed in both spread rates similar to that which obtains in spot returns: Net hedging pressure uni-directionally drives gold's term structure while the term structure leads copper's net hedging pressure.
Perhaps the most important finding in the spread market in these metal markets comes from the significant leading effect of the entire term structure on the term premium. In contrast, no significant relationship between the term structure and the corresponding spot premium. This result is consistent with Roon, Goorbergh and Nijman (2004) who conclude that the term premium should reflect term structure risks. Similar to the spot premium, variation of the term premium explained by term structure decreases with the contract horizon. Hence, the latest short-term convenience yield contains the most relevant information for predicting future term premiums.
Oil Futures
For all three oil spreads, a leading effect from the term premium to the overall term structure and net hedging pressure appears in the 12 th and 13 th lags, showing that the spread premiums contain information that can be used to forecast the term structure and net hedging pressure in approximately three months away.
The overall term structure improves forecast of term premium across time, but at slightly different lags. In general, the predictive power of term structure shows up in various term premia in most cases up to the third month in the future.
Soybean Futures
For the second soybean spread, 12 all three term premia clearly lead the term structure by one week, one month and three months ahead, respectively.
In sum, both premia Granger-cause the overall term structure and net hedging pressure. While the term structure contains information useful in predicting spot premia in oil and soybean markets, it does demonstrate predictive power with respect to term premiums in all four of the commodity markets studied. This result demonstrates that the term structure risk should be better captured by the term premium than by the spot premium. No significant causality from net hedging pressure to either premium is observed.
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Returns from Active Trading Strategies
In this section, we use the findings of the previous section on the predictive power of term structure and hedging pressure variables to construct active trading strategies, as tests of market efficiency from a returns predictability perspective (Fama (1991) ). Three active trading strategies are introduced: the momentum/contrarian strategy, the convenience yield strategy, and the net hedging pressure strategy.
Momentum/contrarian strategies
Portfolio construction
Momentum/contrarian portfolios are established using bi-weekly data from January 1990 to December 2006. To construct the portfolios, past spot premia and term premia for all four commodity futures are ranked at the end of each period. Based on these rankings, we go long (and short) futures or futures spreads in those commodities categorized as "winners" ("losers") with the highest (lowest) premium. After a designated period of time, the positions are rebalanced or unwound. We continue the process of enter-hold-exit during the testing period. To facilitate presentation, each strategy is named after its ranking (R) and holding (H) periods as the R-H strategy, with ranking and holding periods set as one month, three months, six months and twelve months.
14 Miffre and Rallis (2007) build momentum portfolios using an overlapping trading strategy, following Moskowitz and Grinblatt (1999) and Jegadeesh and Titman (2001 performing the rankings based on returns (i.e. changes in the log settlement prices), we perform our rankings using the spot and term premia, as defined in section 3. introduced by large differences in unit contract prices across commodity markets.
Finally, in this study, returns of winner or loser portfolios are based on the holding-period returns of taking long positions in the corresponding portfolios. The momentum (contrarian) trading return is defined simply as the difference between the winner (loser) portfolio return and loser (winner) portfolio return.
Empirical results
Table 9 provides summary statistics for momentum trading returns for outright positions that use the first nearby contract. 15 . The momentum (contrarian) strategy is deemed a success when the "Momentum" column of the respective table is positive (negative) The purpose of using multiple contracts or spreads to build momentum trading portfolios is two-fold: to check robustness and to empirically test Miffre and Rallis's (2007) assertion that the term structure drives the momentum effect in commodity markets.
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Please insert Table 9 about here 15 We also perform the analysis for contracts that expire in six months and twelve months. They are not included in order to conserve space and are available on request. The results for the longer maturity contracts are largely similar to those reported here, except as noted in the text.
On the whole, the momentum strategy performs well in most cases, particularly when the holding period is under six months. For the one month holding period and one-month ranking period, the annual return of the strategy is 9.24%, which is slightly lower than that found by Miffre and Rallis (2007) (10.87%). However, in contrast to Erb and Harvey (2006) and Miffre and Rallis (2007) the "one-month holding period and 12 month ranking" strategy does not persist as a dominant strategy for our sample, which extends to 2006, with the return and Sharpe ratio of this strategy of 3.12% and 30.69%
respectively. Extending the ranking and holding period reduces momentum profits. For the outright futures strategy, the significant momentum effect disappears when both periods exceed six months; significant contrarian profits are observed for holding periods of twelve months. Momentum trading with the shortest three-month futures dominates all 17 We also perform the analysis for two other calendar spread positions: 1) long the first nearby futures contract and short the second nearby futures contract; 2) long the first nearby futures contract and short the six month futures contract. The results for these alternative positions are largely similar to those reported here, except as noted in the text, and are available on request.
strategies. For the calendar spread strategy, significant contrarian profits dominate all scenarios when ranking and holding periods are longer than three months. Profits decline as we move to shorter (i.e. six month followed by three month) spread positions. Miffre and Rallis's (2007) conjecture of a linkage between the momentum effect and the term structure are thus empirically supported through these trading results.
On the whole a short-term price continuation, analogous to that identified by Titman (1993, 2001 ) for equity markets is also observed for the spread momentum positions, as in the outright positions. For these markets, momentum profits are maximized by longing the most outperforming futures or calendar spread and shorting its most underperforming counterpart in the previous month, holding the pair for one month and continuously rolling it over to the next pair selected with the same criterion at each rebalancing point. This strategy works equally well for outright contracts and calendar spreads with different maturities.
Momentum strategy return determinants, backwardation and contango
Miffre and Rallis (2007) suggest that high momentum profits are not just based on compensation for risk but are related to backwardation and contango. The results of the previous section support a relationship between the momentum effect and the term structure. A direct test for a momentum-backwardation link, which incorporates other structural determinants of returns based on the theories of storage and hedging is provided by the following regression for both winner and loser portfolios:
where , f t R is the return of longing (shorting) the winner (loser) portfolio, Returns are regressed on convenience yield derived from corresponding maturity, i.e., 3-month convenience yield is regressed against returns of long-only the 1 st -nearby futures and the shortest calendar spread and so on and so forth.
18 From (7) a linkage between momentum and backwardation (Miffre and Rallis (2007)) would be supported if:
(1) The regression estimate of 1 β is significantly positive (negative) for the long winner (short loser) portfolio for a holding period of 12 months. A positive correlation suggests that winner (loser) wins (loses) more when market becomes more backwardated (contangoed). This is the simplest case since no rebalancing is performed during the one year horizon, and as a consequence the roll yield can be ignored.
(2) Positive or negative estimates of 1 β for portfolio returns under other ranking and holding periods because of the dual forces offsetting each other. However, if the winner (loser) portfolio does have more exposure to backwardated (contangoed) 18 The effect of backwardation on futures return is complex since the futures excess return is roughly made up of the spot return and the roll return, which both correlate with the term structure, but in opposite directions (see Till (2007) ). Increasing backwardation (contango) should diminish (enhance) the spot return and increase (decrease) the roll return. Thus, the overall effect of term structure on the portfolio return should be a balance of both forces, either in backwardation or in contango. As per Till (2007) the spot return is defined as distant futures price divided by nearby futures price, and roll return is the difference between futures return and spot return.
contracts or both, 1 β should, on average, be much larger in absolute value for the winner portfolio than that for the loser portfolio because inventory influences price more in a backwardated market than in a contangoed market.
(3) Since 1 β is determined by the joint correlation between the convenience yield, the spot return and the roll return, the sign of 1 β demonstrates the dominant return explained. For a longed portfolio, in backwardation or contango, spot return always declines with a rising convenience yield while roll return always rises with it, and vice versa for a shorted portfolio. Therefore, a positive 1 β points to an increased term structure effect on roll return (spot return) in a longed (shorted) portfolio and so on and so forth.
Empirical estimates of (7) are shown in Table 11 for the momentum trading returns using the first nearby futures contract. Table 12 shows the results for calendar spread strategy that longs the first nearby futures contract and shorts the 12 month futures contract.
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Please insert Tables 11 and 12 about here.
It is clear that the convenience yield has significant explanatory power for momentum trading returns under most of the ranking and holding periods. Consistent with hypothesis one, 1 β is significantly positive and significantly negative for longed 19 The regressions are also performed for the other outright and spread positions outlined in this paper. The results are very similar to those reported here and are available on request.
winner and shorted loser portfolios that are being held for and beyond six months.
Hypothesis two is also supported in most cases, since 1 β is larger in size for winner portfolios than for loser portfolios. Consistent with hypothesis three, both the 6-month and 12-month convenience yields drive the futures roll return. However, the 3-month convenience yield has a greater influence on the roll return of winner portfolios and on the spot return of loser portfolios.
Net hedging pressure is another significant factor of momentum returns in most cases. 2 β is positive for winner portfolios and negative for shorted loser portfolios, which means on average, a rising short hedging pressure boosts both winner and loser returns and a declining short hedging pressure reduces both. The only exception occurs in a scenario with a one-year ranking and one-year holding periods, which could be due to a large number of short hedgers choosing one year as the hedging span and their collective unwinding at the end of one year boosting portfolio returns.
In sum, both convenience yield and net hedging pressure are significant determinants of the returns from momentum strategies. However, the intercept terms of these regressions remain significant, particularly for short term losers for holding periods under six months. 20 Hence, the persistent high returns from momentum strategies cannot be wholly attributable to structural factors. Since convenience yield and net hedging pressure contain information useful for momentum strategies, can they be useful in generating profitable trading strategies on their own? To address this question, we explore two such strategies:
20 Note however that the intercept term is only mildly significant for the one month holding period/12 month ranking period strategy. a) taking a long position in a portfolio with the highest convenience yield and short portfolio with the lowest convenience yield. 21 For spread trading, this strategy involves going long the short spread with the highest convenience yield and short the short spread with the lowest convenience yield.
b) long portfolio (short spread) with the highest hedging pressure and short portfolio (short spread) with the lowest hedging pressure.
These two strategies are implemented to examine whether information contained in convenience yield and net hedging pressure are exploited into abnormal profits. The net hedging pressure strategy is less profitable than the convenience yield strategy. Long-short the long-term spread outperforms all other strategies based on net hedging pressure, and is the only with exploitable profits. This result is consistent with Roon et al (2004) , whereby hedging pressure effect can be inferred through spreads. The low hedge ratio portfolio drives the majority of trading profits. For both strategies, trading profits are inversely related to the holding period.
Conclusions
This paper explores some structural determinants of profits from momentum based strategies using commodity futures, as tests for market efficiency from a returns predictability perspective. High returns are observed using momentum strategies not only using outright futures positions but also and spread trading strategies, even while the latter might be deemed less risky. On average, spread trading outperforms outright futures trading in capturing the term structure risk and hedging pressure risk. The business day prior to the 15th calendar day of the contract month.
23 Soybean futures are also traded for delivery in August. We neglect the August contract when constructing the time-series data in order to make data sets evenly spaced. Return of SP refers to return of spot markets; return of F 1 refers to return of the most nearby futures contracts. Return of CRB commodity index, return of Russell 3000 index and return of 10-year U.S. Treasury bond are listed here as benchmarks.
Returns are calculated with daily data from January 1 st 1990 to December 31 st 2006. All returns are calculated against the one-day price lag of the same time series and not across contracts with different maturities. st -nearby futures mature in k days and term premium obtained by longing the same futures maturing at t+k and shorting distant futures maturing at t+n (k<n) and holding the spread for k days.
p refers to number of months until maturity for contract being shorted. n and k refer to number of days until maturity for contract being shorted and for the 1 st -nearby futures being longed in both strategies respectively. In this paper, the 1 st -nearby futures are mature in different months across four markets, i.e. 3 months, 4 months, 2 months and 3 months for oil, gold, copper and soybean respectively. 
T-test results for Significance of Premia:
(1) Oil: spot premium and term premiums up to p=8 are significantly different from zero at 1% level; term premia p=9 and p=10 are significant at the 5% level; the rest are all significant at 10%.
(2) Gold: spot premium is significantly different from zero at the 5% level; the remaining premia are all significant at 1%.
(3) Copper: term premium p=12 is not significantly different from zero; all other premia are all significant at the 1% level.
(4) Soybean: spot premium is not significantly different from zero; term premium p=5 is significant at the 5% level; all other premia are significant at 10% The estimated convenience yield is the negative of the interest-adjusted basis, calculated as:
We provide estimates of the convenience yield under conditions of adequate ("positive" column) and inadequate ("negative" column) inventory levels.
Three contracts-the 3-month futures, the 6-month futures and the 12-month futures are used to calculate the short-term, intermediate-term and long-term convenience yield for the majority of commodities. Since gold market only trades contracts maturing in even months and soybean market only in odd months, different contracts other than the three maturities have to be chosen for both markets. The 4-month futures is used to calculate the short-term convenience yield for gold, and the 7-month and 11-month contracts are used to calculate the intermediate-term and long-term convenience yields for soybean. Positive (negative) refers to a positive (negative) interest-adjusted basis, in other words a negative (positive) convenience yield, which holds when inventory is adequate (inadequate). % Positive (negative) refers to the percentage of observations for which the convenience yield is positive (negative) Rows with numbers in square brackets are t statistics. According to Lutkepohl (1993, Chapter 3, pp 69) , for the stable time series with standard white noise process, when the sample size is not small, the t statistics provided by common regression programs can be used to check the significance of individual variables. ***, ** and * are indicates significance at the 1% level, 5% level and 10% level, respectively. Mean and standard deviation are annualized by multiplying by 26 and 26 respectively. MMT refers to momentum. Mean and standard deviation are annualized by multiplying by 26 and 26 respectively. 
